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ABSTRACT

Background: Preeclampsia is a life threatening state. Aerobic exercise has a beneficial effect on vascular
endothelium function. Adropin is a newly discovered peptide that can increase by exercise and decreased in
endothelial dysfunction.

Obijectives: Detecting the effect of practicing exercise on preeclampsia pathophysiology, and role of adropin.

Patients and Methods: Twenty four adult female albino wistar rats were divided into 3 equal groups: group
I: Sham-operated Time-mated pregnant rats (Sham), group Il: Reduced uterine perfusion pressure pregnant
rats (RUPP); placental ischemia was induced at gestation day (GD) 14 to mimic preeclampsia, and group Il1I:
exercise treated reduced uterine perfusion pressure pregnant rats (Ex-RUPP); swimming started from GD1
till the end of pregnancy period, 1h/day, 6 days/week added to preeclampsia induction. Maternal arterial
blood pressure, micro-albuminuria, serum urea, creatinine and calculated glomerular filtration rate (GFR),
plasma insulin, glucose and calculated HOMA-IR and placental eNOS, adropin, soluble fms—like tyrosine
kinase 1 (sFlt-1), malondialdehyde (MDA), total antioxidant capacity (TAC), and TNF-a were measured.
Placental and fetal tissues were weighed and placenta was histo-pathologically assessed.

Results: Aerobic exercise during pregnancy caused significant reductions in all blood pressure values at
GD17 and 19, serum urea, creatinine, micro-albuminuria, placental anti-angiogenic sflt-1, MDA, TNF-a,
plasma glucose, insulinand HOMA-IR. In addition, exercise significantly increased the calculated creatinine
clearance, placental eNOS and placental adropin, placental weight, fetal weight and number.  Apoptotic
trophaoblasts and neutrophil aggregates were absent. Adropin was significantly positive correlated with eNOS
together with a significant negative correlation to mean arterial blood pressure at GD19, sflt-1, MDA, insulin
and HOMA-IR .

Conclusion: Aerobic exercise, through increasing adropin level, was able to restore the angiogenic balance,
and to decrease the oxidative stress, and inflammatory and insulin resistance states, thus improving
endothelial function. This was reflected in improvement in the renal functions, blood pressure reduction with
better maternal and fetal outcome.

Key words: Reduced uterine perfusion pressure- pre-eclampsia-Aerobic exercise- Adropin- angiogenesis-
eNOS.

INTRODUCTION Preeclampsia is defined clinically as
pregnancy-induced  hypertension  with
proteinuria, reduced renal function and
multi-organ dysfunction (Hanson and
Stallone, 2016). Also, preeclampsia is the
major cause of prenatal death, preterm

Preeclampsia is a life-threatening
disorder that complicates 5-8% of all
pregnancies especially in developing
countries  (Armaly et al, 2018).
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deliveries and intrauterine
restriction (IUGR) (Li et al., 2012).

The initiating cause of preeclampsia is
unknown but the studies declared that
abrupt remodeling of the uterine spiral
arteries plays a key role in the
pathogenesis of early onset preeclampsia
(Cakmak et al.,, 2017). The ischemic
placenta releases cytokines, reactive
oxygen species, pro-hypertensive and
anti-angiogenic factors (Cindrova-Davies,
2009).

The oxidative stress and the imbalance
between the anti-angiogenic factors and
pro-angiogenic factors are thought to
cause endothelial dysfunction (Cakmak et
al., 2017).

(O’Brien et al., 2017) stated that
preeclampsia is a systemic vascular
disease characterized Dby generalized
endothelial damage. (Armaly et al., 2018)
added that soluble sFlt-1 and soluble
endoglin (sEng) hinder  vascular
endothelial growth factor release. Also,
the nitric oxide (NO)/nitric oxide synthase
(NOS) system might be deranged in
preeclampsia (Phipps et al., 2016).

growth

Exercise stimulates the expression of a
number of cytoprotective molecules and
can hold therapeutic potential (Gilbert et
al., 2012). (Genest et al., 2012) stated that
exercise training has shown benefits on
normal pregnancy, but its impact on
reducing the risk of preeclampsia has long
been argued.

Exercise might restore the angiogenic
imbalance associated with preeclampsia
(Weissgerber et al., 2010), or lower
diastolic blood pressure in pregnancy-
induced hypertension (Gilbert et al.,
2012). On the other side, studies claimed

that acute exercise during pregnancy
reduces placental blood flow, increases
inflammation and exacerbates
preeclampsia (? sterdal et al., 2009). Also,
(Rudra et al., 2008) claimed that physical
activity in the year before pregnancy was
not associated with reduced preeclampsia
risk. However, (Fortner et al., 2011)
denied the impact of physical activity
before pregnancy on preeclampsia risk.

Adropin is a peptide hormone
discovered by (Kumar et al., 2008), and it
plays a significant role in energy
metabolism (Zhang et al., 2017).

Adropin is encoded by the Energy
Homeostasis Associated gene (gene
symbol: Enho) which is expressed in
many  tissues including  vascular
endothelium (Cakmak et al., 2017).

Adropin may promote vascular health
and increase endothelial cell proliferation
(Lovren et al., 2010). Low plasma adropin
was closely associated with endothelial
dysfunction (Yu et al., 2014).

(Cakmak et al., 2017) added that low
circulating adropin levels have been
associated  with  insulin  resistance,
endothelial  dysfunction and severe
preeclampsia. (Muter et al., 2018)
observed that adequate decidual adropin
production may be essential for successful
spiral artery remodeling in pregnancy .

(Fujie et al., 2015) related the
reduction in arterial stiffness after aerobic
exercise training to the concomitant
elevated serum adropin levels. Also,
exercise was able to increase the serum
level of adropin in obese adolescents
(Zhang et al., 2017).

This study was planned to examine the
ability of practicing exercise during
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pregnancy to attenuate preeclampsia
pathophysiology, and to examine the role
of adropin in mediating these effects.

PATIENTS AND METHODS

Experimental animals: Animals used in
this study were 24 adult female albino
wistar rats weighing 200-250 g. Rats were
purchased from the Research Institute of
Ophthalmology (Giza) in which animal
mating was done. Pregnant rats were
accommodated in the Medical Ain Shams
Research Institute (MASRI), Faculty of
Medicine, Ain-Shams University.
Animals were housed in animal cages
(50%30%20) cm, (4 rats / cage) with
suitable ventilation, temperature of 22-
25°C, and normal dark/light cycle. Food
and water access were ad libitum.

All rats were treated in accordance
with the Guide for Care and Use of
Laboratory Animals, and the study
protocol was approved by the Research
Ethical Committee of Faculty of
Medicine, Ain Shams University.

Experimental groups: Rats were
allocated into 3 equal groups:

Group I: Sham-operated time-mated
pregnant rats (Sham).

Group Il: Reduced uterine perfusion
pressure pregnant rats (RUPP).

Placental ischemia was induced at day 14
gestation to mimic preeclampsia (Li et al.,
2012).

Group IlI: Exercise Treated Reduced
uterine perfusion pressure pregnant
rats (Ex-RUPP). The swimming exercise
regimen started from day 1 gestation till
the end of pregnancy period, 1h/day, 6
days/week (Rocha et al., 2014). These rats

were also subjected to placental ischemia
at day 14 gestation.

Animal mating was performed in the
Research Institute of Ophthalmology,
animal house (Giza). Female rat estrous
cycle phase was determined by vaginal
smears based on the presence of non-
nucleated cornified epithelial cells. Rats in
the estrous cycle were allowed to mate
overnight with employing a ratio of 1:1
male/female.  Vaginal smears  were
observed for the presence of spermatozoa
by the light microscopic. The day at which
the smear was sperm positive was
designed as gestation day 0 (GDO0)
(Shivananjappa, 2012).

Pre-eclampsia  was  induced by
reduction in uterine perfusion pressure
(RUPP) procedure (Li et al., 2012).

Swimming Exercise protocol: Rats were
allowed to swim for 10 days before
mating, 15 min/day to become familiar
with water. Starting from gestational day
1, the rats in the EX-RUPP group started
swimming for 30 min that were
progressively lengthened to 60 min. Rats
swam 6 days per week until the end of
pregnancy (Rocha et al., 2014).

The swimming bath was filled with
thermally controlled water (2411C +1). It
length was 100cm, width 70 cm, and
depth 70 cm. The presence of strong fan
of 1425 revolutions/min ensure strong
water currents to uniform temperature and
force rat active swimming. The water bath
was cleaned and water was changed after
each swimming session.

Arterial blood pressure was measured
before RUPP at GD13, then at GD 17, 19
before sacrifice. The blood pressure was
measured in un-anesthetized rats, using rat
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tail  cuff sphygmomanometer blood
pressure system (NIBP200A).

Rats were housed in metabolic cages
for 24 hours, to determine 24 hours urine
volume used in Creatinine clearance rate
(Ccr) calculation and to assess micro-
albuminuria.

On the day of the experiment,
gestational day 20 (GD20), overnight
fasted rats from Sham, RUPP and Ex-
RUPP  groups were weighed and
anesthetized with intra-peritoneal
injection of sodium thiopental (EPICO,
Egypt) in a dose of 40mg /kg body
weight. Abdominal blood samples were
collected into two tubes: EDTA tube
(0.2mg) to measure plasma insulin and
glucose levels, and plastic tube to measure
serum urea and creatinine. Blood samples
were centrifuged at 4000 rpm for 10
minutes. Both uterine horns were
identified behind coils of intestine and
exposed. The rat pups number was
counted and their crown-rump length was
measured in cm. The placental tissues
were harvested for biochemical
measurements and were fixed in formalin
for histopathological assessment. Rat pups
and placentae were isolated, washed with
normal saline and dried by filter paper to
be weighed in 5-Digit-Metler balance (AE
163).

Serum and urine creatinine based on
Jaffé reaction (Tietz, 1995), and serum
urea based on modified Urease Berthelot
reaction (Young, 1995) were detected. The
kits were purchased from Diamond
Diagnostics Company, GmbH (Germany).
Microalbuminuria based on solid phase
immunoassay (EIA), read at 450 nm,
Padtan ELM kit (Rowe et al., 1990).

Creatinine clearance rate was calculated
according to the equation (Bazzano et al.,
2015):

Creatinine clearance rate (Ccr) {ml/min}
= (Urinary creatinine (mg/dl) x urine
volume (ml)) / (Serum creatinine (mg/dl)
x 1440 (min))

Plasma glucose was measured using
oxidase- peroxidase method (Trinder,
1969), kits were supplied by Bio-
diagnostic, Egypt, and plasma insulin
using  enzyme-linked  immunosorbent
assay ELISA kit (Dako, Carpinteria, CA)
according to (Delams, 1986) method.

HOMA-IR test was performed to
estimate insulin resistance (Mathews et
al., 1985):  Fasting insulin (in ?U) X
fasting glucose (in mmol/l)/ 22.5. A lower
index indicated greater insulin sensitivity.

The placenta homogenates were
prepared by homogenization of placenta
in 10mL cold phosphate buffer saline
solution, followed by centrifugation at
10,000 rpm for 15min at 42C. ELISA kit
was used to measure placental eNOS (Cat
No0.MBS262105), adropin (Cat
N0.MBS2533588), soluble  fms-like
tyrosine kinase-1 (Cat No.MBS2602003)
and tumor Necrosis Factor Alpha (R&D
systems Co., USA). Also, Placental
malondialdehyde (MDA) level was
measured by thiobarbituric acid reaction
(Ohkawa et al., 1979) and placental total
antioxidant capacity by the enzymatic
colorimetric method (Koracevic et al.,
2001).

Statistical  analysis: Data  were
statistically described in terms of mean
+SEM. Statistical significance of data was
determined using a one-way analysis of
variance (ANOVA) with post-hoc test
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(LSD). A probability value (p-value) less significant.
than 0.05 was considered statistically
RESULTS

Results encountered in the present
study are displayed in tables (I-1V),
figures (2-5). Results are expressed as
Mean + SEM.

Before reduction in uterine perfusion
pressure (RUPP) procedure, at gestation
day 13 (GD13), no significant changes
were noticed in arterial blood pressure
value between the different groups in all

blood pressure values. At GD17 and
GD19, RUPP group showed a significant
increase in systolic, diastolic and mean
arterial blood pressures compared to the
sham group. In the Ex-RUPP systolic,
diastolic and mean arterial blood pressures
decreased when compared to RUPP
(P<0.001) but were non-significant in
comparison to the sham group (Fig 1).
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Figure (1): Systolic, diastolic and mean arterial blood pressure in all studied groups,
a: Significance from sham group calculated by LSD at P<0.05.

b: Significance from RUPP group calculated by LSD at P<0.05
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Serum urea, creatinine and
microalbuminuria significantly increased
(P<0.001) in RUPP compared to the sham
group, while they significantly decreased
(P<0.001) in Ex-RUPP compared to
RUPP. Serum creatinine level became
non-significant from the Sham, but serum
urea and microalbuminuria remained

significantly higher (P<0.01) from the
sham group. Calculated Ccr was
significantly ~ decreased in  RUPP
compared to sham and was significantly
increased in Ex-RUPP compared to RUPP
(P<0.001 for both). Meanwhile, Ccr was
significantly higher (P<0.01) than sham
(Table 1).

Table (I): Serum urea (mg/dl), serum creatinine (mg/dl), calculated Creatinine
clearance rate (Ccr) (ml/min) and microalbuminuria (pg/ml) in the

different groups (Mean +SEM)

groups

parameters Sham RUPP Ex-RUPP
Serum urea (mg/dl) 32.8+2.21 91.05+3.15a 57.7+8.6 ab
serum creatinine (mg/dl) 0.51+0.01 1.2440.10a 0.67+0.12b
calculated Ccr (ml/min) 1.5+0.08 0.19+0.02 a 0.94+0.13 ab
microalbuminuria 13.45+1.2 36.38+2.01 a 21.75+ 2.4 ab
(ng/ml)

a: Significance from sham group calculated by LSD at P<0.05.
b: Significance from RUPP group calculated by LSD at P<0.05.

Placental eNOS and adropin
significantly decreased (P<0.001) in
RUPP compared to the sham group, while
they significantly increased in Ex-RUPP
compared to RUPP. Placental eNOS
remained still significantly lower than the
sham group (P<0.01). The placental anti-

angiogenic factor (sflt-1) significantly
increased in RUPP compared to the sham
group, while it significantly increased in
Ex-RUPP compared to RUPP (P<0.001),
being non-significant from the sham
(Table 11).

Table (I1): Placental eNOS (ng/ml), placental adropin (ng/ml) and placental sfit-1
(ng/ml) in the different groups (Mean +SEM)

Groups
parameters Sham RUPP Ex-RUPP
eNOS 96.68+4.5 41.21+3.93a 72.22+8.28 ab
(ng/ml)
Adropin (ng/ml) 3.5+0.3 1.22+0.11a 3.14+0.38 b
placental sflt-1 (ng/ml) 1.14+0.12 2.79+0.13 a 1.42+0.18 b

a: Significance from sham group calculated by LSD at P<0.05.
b: Significance from RUPP group calculated by LSD at P<0.05.

Placental MDA and TNF-a
significantly increased (P<0.001) in RUPP
compared to the sham group, while they
significantly decreased (P<0.001) in Ex-

RUPP compared to RUPP, but TNF-a
remained still higher (P<0.001) than
sham. Placental TAC did not change
between the groups (Table I11).
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Table (111): Placental MDA (nmol/), TAC (m
groups (Mean +SEM)
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M/l) and TNF-a (pg/ml) in the different

Groups | Sham RUPP Ex-RUPP
parameters
MDA (nmol/) 15.26+1.65 27.08+1.75 a | 14.47£1.07b
TAC (mM/1) 3.83+0.5 4.52+0.52 3.29+0.59
TNF-a (pg/ml) 1.59+-.16 6.51+0.54 a 3.84+0.45ab

a: Significance from sham group calculated by LSD at P<0.05.
b: Significance from RUPP group calculated by LSD at P<0.05.

Plasma glucose, insulin and HOMA-IR
significantly increased (P<0.001) in RUPP
compared to the sham group, while they
significantly decreased (P<0.05, <0.01
and <0.001 respectively) in Ex-RUPP

compared to RUPP. Plasma glucose and
HOMA-IR were still higher than sham
(P<0.05), while plasma insulin was non-
significant from the control (Table 1V).

Table (IV): Plasma glucose (m mol/l), plasma insulin (nIU/L), HOMA IR in the
different studied groups (Mean +SEM)

Groups Sham RUPP Ex-RUPP
parameters
plasma glucose (m mol/l) 6.91+0.47 15.25+1.23 a 11.17+1.27 ab
plasma insulin (uIU/L) 9.72+0.41 18.28+1.66 a 12.11+0.49 b
HOMA IR 2.99+0.24 12.32+1.35a 6.02+0.7 ab

a: Significance from sham group calculated by LSD at P<0.05.
b: Significance from RUPP group calculated by LSD at P<0.05.

Placental and fetal weights, fetal
number and length significantly decreased
(P<0.001) in RUPP compared to sham. In
Ex-RUPP placental weight, fetal weight
and fetal number significantly increased
compared to the sham (P<0.01, 0.05 and

0.001 respectively). Placental weight and
fetal number remained higher than sham
(P<0.01 and <0.001 respectively). Fetal
length did not significantly change from
RUPP or sham group (Fig. 2).
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A) Placental wt B) Fetal wt

Sham RUPP Ex-RUPP RUPP Ex-RUPP

C) Fetal length
D) Fetal No.

Sham Ex-RUPP Sham Ex-RUPP

Figure (2): Maternal and fetal parameters in all studied groups

a: Significance from sham group calculated by LSD at P<0.05.
b: Significance from RUPP group calculated by LSD at P<0.05.

Placental adropin showed a significant negative correlation with the anti-
positive correlation with Mean arterial angiogenic  placental sflt-1  placental
blood pressure at GD19 and placental MDA, plasma insulin and HOMA-IR
eNOS, and also showed a significant (Fig.3).
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In the sham group, rat placenta showed
average giant cell layer with invasion of
blood wvessels by trophoblastic cells,
average trophospongium with average
trophoblastic cells, average blood vessels
and excess glycogen cells with intact cell
membranes, average labyrinth zone with
average maternal sinusoids, average fetal
blood capillaries containing nucleated red
cells, and average trophoblastic septa
composed of  cytotrophoblas  and

synsytiotrophoblasts. In RUPP group, rat
placenta showed relatively thin giant cell
layer with dilated congested blood vessels.
showed

Trophospongium dilated

congested blood vessels, marked cystic
spaces, marked cytolysis of glycogen
cells, apoptotic trophoblastic cells with
areas of necrosis, hemorrhage and
neutrophilic infiltrate, and expanded
labyrinth  zone with markedly dilated
congested maternal blood sinusoids with
intra-vascular fibrin, few fetal blood
vessels containing nucleated red cells with
degenerated trophoblastic septa.  Rat
placenta in Ex-RUPP regained giant cell
layer width, and restored intact -cell
membranes with absence of neutrophilic
infiltrate (Fig. 4).

Flgure(4A) Sham Averageglant ceII layer (black arrow). average trophosponglum
(blue arrow), and average labyrinth zone (yellow arrow) (H&E X 100)

Figure (4b): Sham: High power view showing average giant cell layer with invasion of

blood vessels by trophoblastic cells (black arrow),

and average

trophospongium showing average blood vessels (red arrow) and excess
glycogen cells (blue arrows) (H&E X 200)



AEROBIC EXERCISE AND AMELIORATED ENDOTHELIAL... 731

o

-

Figure (4c) RUPP: Relatively

thin giant cell Iae (blck aw) tohospogium
(blue arrow) showing marked cystic spaces (red arrow) with areas of

necrosis (green arrows), and expanded labyrinth zone (yellow arrow)
(H&E X 100)

Figure (4D) RUPP: Relatively thin trophospongium (black arrow) with markedly
dilated congested blood vessels (blue arrows), and markedly congested
labyrinth zone (yellow arrow) (H&E X 200)

Figure (4E): Ex-RUPP: Average trophospongium, average blood vessels (red arrow)
and average trophoblastic cells (blue arrows), and average labyrinth zone
(black arrow) (H&E X 200)
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DISCUSSION

The present study unraveled the ability
of aerobic exercise during pregnancy to
decrease pre-eclampsia associated
pathological manifestations as pregnancy-
induced hypertension, proteinuria and
fetal growth restriction. Moreover, it
elucidated the role of adropin hormone in
mediating the beneficial effects of
exercise.

The pre-eclampsia induction was based
on uterine blood flow reduction through
uterine artery ligation (Li et al., 2012).
RUPP rat mimicked pre-eclampsia
evidenced by the significant elevation in
all blood pressure values at GD17 and 19
in this group compared to the sham group,
inspite of the normal blood pressure
values recorded before the operation. In
addition, serum urea, creatinine and
microalbuminuria significantly increased,
and calculated creatinine  clearance
significantly =~ decreased in  RUPP
compared to the sham group.  Pre-
eclampsia-induced renal dysfunction with
pathognomonic glomerular endotheliosis
and proteinuria considered to be integral
parts of pre-eclampsia disorder (Powe et
al., 2011).

The encountered hypertension is
multifactorial, it could be attributed to the
release of many pro-hypertensive and
anti-angiogenic factors from the placenta
following ischemia  (Cindrova-Davies,
2009). This agrees with the significant
elevation in the anti-angiogenic factor
soluble fms-like tyrosine kinase-1 (sflt-1)
together with a significant reduction in
eNOS detected in this study. The elevated
sFlt-1 acts as a potent scavenger of
vascular  endothelial growth  factor
(VEGF) and placental growth factor

(PIGF) which indirectly prevents the
production of VEGF-induced NO,
resulting in exaggerated vasoconstriction
(Burke et al., 2016). (Ahmed, 2011) added
that ischemic placenta releases soluble
Endoglin (sEng), the proteolytic cleavage
product of endoglin, which suppresses
eNOS expression leading to
vasoconstriction and adhesion molecules
overexpression. Both sEng and sFlt-1 act
synergistically to induce endothelial
dysfunction (Santner-Nanan et al., 2009)
resulting in generalized vasoconstriction.

In  addition, secondary to this
vasoconstriction, blood flow is reduced in
all organs with consequent neurohormonal
activation of the sympathetic nervous
system and renin angiotensin aldosterone
system (RAAS) as well as endothelin (ET-
1) (George et al., 2012), augmenting
endothelial dysfunction and hypertension.

Endothelial dysfunction was assured
by the significant decrease in placental
eNOS and adropin in RUPP. Adropin is
effective marker for the evaluation of
endothelial function (Gozal et al., 2013).
Endothelial adropin can induce nitric
oxide synthase (eNOS) gene expression,
and ensure nitric oxide bioavailability
(Lovren et al., 2010). Accordingly,
(Cakmak et al., 2017) correlated
decreased adropin levels with endothelial
dysfunction.

The endothelial dysfunction was
perpetuated owing to the increased
reactive species production as proved by
the significant elevation in MDA levels in
RUPP compared to sham. Placental
ischemia is the main factor that disturbs
the cellular oxidative balance, thus
decreasing neuronal nitric oxide synthase
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expression and contributing to
hypertension (Sedeek et al., 2008).

The downregulation of the anti-
inflammatory TGF-p and heme-0xygenase
1 caused by soluble endoglin and sflt-1
together with the elevated angiotensin and
endothelin resulted in a chronic state of
inflammation (LaMarca et al., 2016).
(Verdonk et al., 2015) explained that sfit-1
sensitize the maternal endothelium to the
pro-inflammatory TNF-a. Similarly, in the
present study, placental TNF-a
significantly increased in RUPP denoting
an inflammatory condition.

Collectively, oxidative stress, chronic
inflammation, elevated anti-angiogenic
factors, endothelin and angiotensin
decrease renal blood flow and glomerular
filtration rate, and disrupt the glomerular
barrier integrity leading to proteinuria and
hypertension (Armaly et al., 2018).

(Collino et al.,, 2008) stated that
glomerular capillary endothelium and
podocytes are damaged after exposure to
endothelin that acts on ETA receptor.
(Powe et al., 2011) reported that the
swelling in glomerulus endothelial cells
and the loss in endothelial fenestrations
detected in pre-eclampsia are caused by
the decrease in VEGF which is essential
for endothelial cells survival. Their
suggestion was based on a study in which
podocyte selective knockout of VEGF
results in proteinuria, nephrotic syndrome
and endotheliosis.

Another additional factor that can
enhance endothelial dysfunction,
hypertension and proteinuria is the
development of insulin resistance. In this
study, a significant increase in plasma
glucose, insulin and HOMA-IR was
detected in RUPP compared to sham

denoting a state of insulin resistance.
Insulin resistance is the consequence of
oxidative stress and inflammatory state
(Chen et al., 2015). Also, it may result
from the lowered adropin level with a
significant negative correlation detected
between them in this study. Adropin is
known to improve insulin sensitivity
(Muter et al., 2018). Adropin is one of the
key factors predicting the presence and
severity of preeclampsia (Cakmak et al.,
2017). Similar to our study, fasting serum
insulin was significantly higher in pre-
eclamptic women (Moran et al., 2006).

The RUPP model mimicked pre-
eclampsia because of the recorded
significant decrease in placental and fetal
weights, fetal length and number,
denoting either intra uterine growth
restriction or fetal resorption. This was
assured by the histological findings that
show apoptotic trophoblastic cells with
areas of necrosis, hemorrhage and
neutrophilic infiltrate. The aforementioned
pathology including the increase in  sFlt-
1, TNF-a and MDA, and the decrease in
VEGF and NO leads to endothelial
dysfunction. So, fetus could not meet the
required oxygen demands (Armaly et al.,
2018). In addition, adropin had a role in
the regulation of fetal growth and
accordingly decreased levels of adropin
blood could result in IUGR (Cakmak et
al., 2017).

Swimming for 1h/day, 6 days/week
during pregnancy period was effective in
reversing the increase in arterial blood
pressure. All blood pressure values at
GD17 and 19 decreased compared to
RUPP being non-significant from the
sham group. This decrease may be related
to the improvement in renal function.
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Serum urea, creatinine and micro-
albuminria decreased significantly and
calculated creatinine clearance increased
significantly in  EX-RUPP  group
compared to RUPP. This could be
attributed to the ability of exercise to
improve endothelial function evidenced
by the significant decrease in the anti-
angiogenic factor sflt-1 and the significant
increase in eNOS levels.

Similarly, (Weissgerber et al., 2010)
reported that exercise can increase
placental growth factor and reduce sflt-1in
pregnant woman. (Ram?ez-Vélez et al.,
2013) stated that chronic exercise training
increases eNOS/NO production in human
placenta by increasing endothelial shear
stress or by decreasing superoxide
production in placental mitochondria.
Also, (Falcao et al., 2010) pointed to the
ability of exercise to increase placental
VEGF levels in trained mice to
counterbalance soluble fms-like tyrosine
kinase-1  (sFlt-1) and restore the
angiogenic balance.

(Zhang et al., 2017) added that aerobic
exercise improves endothelial function by
elevating adropin level. (Sena et al., 2013)
highlighted the ability of adropin to
increase eNOS level. The increase in
eNOS level in turn increases the level of
the nitric oxide the most important
vasodilator thus reducing hypertension
(Aydin et al., 2013). This agrees with the
significant negative correlation between
adropin and mean arterial blood pressure
at GD19 together with the significant
positive correlation between adropin and
eNOS level detected in our study.

Moreover, exercise can normalize
blood pressure, preserve renal
hemodynamics and lower albuminuria by

attenuating the pro-inflammatory TNF-a,
the pro-apoptotic NF-xB and renin-
angiotensin system components including
the plasma Ang Il, ACE and AT-1R levels
(Agarwal et al., 2012). This agreed with
the noticed significant decrease in
oxidative stress marker MDA and the pro-
inflammatory TNF-o in  Ex-RUPP
compared to RUPP group. Exercise up-
regulates un-coupler proteins (UCP-2),
thus decreasing the generation of oxygen
free radicals in the mitochondria (Bo et
al., 2008) and increases the number of
mitochondria rendering the body more
resistant to oxidative stress, and can
increase  reactive  oxygen  species
scavenging (Genest et al., 2012).

This  decrease  was  negatively
correlated to adropin level.  Similarly,
adropin levels negatively correlated with
markers of endothelial dysfunction and
oxidative injury (Yang et al., 2018).
Adropin increases the catalytic subunit of
NADPH oxidase that is a major source of
superoxide radical generation (Tang et al.,
2012).

Exercise can also reverse
inflammation-related endothelial damage
through reducing the pro-inflammatory
markers as IL-1B, IL-6, and tumor
necrosis factor-a, and the peripheral
inflammatory markers of endothelial
dysfunction  such as  granulocyte
macrophage colony-stimulating  factor,
monocyte chemotactic protein-1, soluble
intercellular adhesion molecule-1, and
soluble vascular cell adhesion molecule-1,
whereas it increases circulating anti-
inflammatory cytokines, such as IL-10
(Genest et al., 2012).

Consequent to the improved oxidative
stress and inflammatory state following
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exercise, insulin resistance is improved
(Rohling et al., 2016). This was proved by
the significant decrease in plasma glucose,
insulin and HOMA-IR. Plasma insulin and
HOMA-IR were negatively correlated
with adropin .

Adropin can improve glucose tolerance
and enhance insulin action by increasing
GLUT4cell-surface expression, insulin-
induced Akt  phosphorylation  and
activating the pyruvate dehydrogenase
(PDH), a rate-limiting enzyme in glucose
oxidation (Gao et al., 2015).

In this study, exercise caused a
significant increase in fetal and placental
weights and fetal number denoting its
ability to halt intrauterine growth
restriction. This was supported by the
restoration of trophoblastic septa and the
absence of apoptotic areas. In agreement
with our study, (Neto and Gama, 2015)
reported the ability of aerobic training to
increase placenta weight and volume and
cell proliferation index by increasing the
endothelial growth factors, placental
growth factor and insulin like growth
factor .

(Weissgerber et al., 2010) recorded
that placental surface area available for
gas and nutrient exchange and placental
growth rate significantly increased in
trained women, which could explain the
reduction in fetal complications associated
with  preeclampsia following training.
(Ram?ez-Vélez et al., 2013) added that,
although  exercise  training  during
pregnancy was associated with a
decreased placental weight, placental
efficiency increased.

CONCLUSION

Simple intervention as exercise
training can be effective in reducing blood
pressure, albuminuria and fetal growth
restriction and control the symptoms of
pre-eclampsia. Adropin hormone
mediated the beneficial effects of exercise
on pre-eclampsia by restoring endothelial
function.
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